ABSTRACT: Early detection of developmental delay and childhood disorders are important for early intervention. This study aimed to describe the distribution of responses in a large population-based survey, identify cutoff points for the parent concern checklist (PCC) suitable for the Chinese language and culture, and explore how many children were identified as having evidence of problems at age 18 mo different from those at age 6 mo. Using a national randomly selected sample, the overall development of 21,248 children was investigated using the Taiwan Birth Cohort study instrument, and the PCC, a problem-oriented screening instrument. The Newton-Raphson iteration showed that the PCC should be separated into three groups, those scoring 1-2 in the first group, 3-6 in the second group, and 7-8 in the third group. Structural equation models showed that 6-mo development was predictive of 18-mo development; additionally, 18-mo development and the PCC showed good concurrent validity. This study identified three groups with distinct developmental trajectories and two cutoff points of 2/3 and 6/7. Thus, the PCC can be used as a first-stage screening instrument in a two-stage window screening procedure. Further studies are needed to investigate the factors, which contribute to the differences among these groups; follow-up on the typical and atypical development of these children is necessary. (Pediatr Res 67: 226-231, 2010) 
A utism spectrum disorders (ASD) have an estimated prevalence of 6.7 per 1000 (1) . Although previously, children with ASD were not normally diagnosed until age 4 y or older, recent advances have facilitated the identification and diagnosis of these children at toddlerhood (2) . Early diagnosis has enabled these children to attend early intervention sooner, which has been shown to be effective in decreasing autistic symptomology (3) and also decrease family stress (4). Glascoe and Dworkin (5) proposed that parental reports increased the accuracy of clinical judgments in detecting children with behavioral and developmental problems; this seems to be the most efficient developmental detection method for physicians to administer and interpret (6) . For ASD, autism-specific screening tools, such as the modified checklist of autism in toddlers (M-CHAT) have been widely used in research and clinical settings (2) ; however, parents need to be aware of these children and bring these concerns to their pediatrician before the children can receive such screening. In addition, pediatricians sometimes fail to ask parents about their concerns, thus a broadband screening checklist can be helpful for pediatricians in understanding parental concerns.
Although some research suggests that ASD can be detected at 6 mo (7), another study showed that most parents reveal their concerns regarding their children's slow or uneven development in language and socialization at 18 mo (8) . Similarly, other studies have shown that delayed language was the most frequently reported behavior at 18 mo, and some even noted a regression of language at 18 mo (9 -11). Eighteen months can be a critical point for detection, because before or up to 6 mo, executive and activity dysregulation are normal due to the immaturity of the frontal lobe function (12) , and these action schemata are better coordinated at about 1 y of development age (13, 14) . Thus, from 12 to 18 mo, children's cognitive functions are more mature, so it is easier for parents and physicians to detect their slow or uneven development.
To increase sensitivity, it has been suggested that surveillance and screening be included in every well-child preventive care visit (15) . However, broadband screening has been criticized for its high rate of over referrals, which may lengthen the waiting list for treatment (16) ; therefore, after the first broadband screening, a more specific testing is needed (15) . Chien et al. (17) proposed a more efficient two-stage window screening method, which can be used to reduce the aforementioned broadband screening limitation. In this screening method, two cutoff points are needed, yielding three groups: those in the first (highest scoring) group are normal (assuming higher scores are better); and those in the third (lowest) group have the highest risk for the disorder and can be directly assessed using diagnostic tools such as the autism diagnostic inventory-revised (ADI-R) (18) ; those in the middle group, between the two cutoff points, have the highest probability of being misclassified and need to be further screened using a more specific screening instrument, such as the M-CHAT. A lower number of people need to be screened in the second stage using this method, which also decreases the cost of testing (17) .
As mentioned earlier, broadband screening can be used to assist pediatricians in asking parents about their concerns. Previous studies that compared ASD-specific (e.g. M-CHAT) and broadband screening instruments [e.g. parents' evaluation of developmental status (PEDS)] have criticized broadband screening for its over referral (16) and failure to detect a portion of those with ASD (19) . This problem can be solved by using the two-stage window screening method; however, to use this method, a large sample is needed to look at the distribution of these children to determine the two best cutoff points, so as to increase the positive predictive value. Also, to reduce over referral, Glascoe et al. (16) recommended that unique patterns of parental concerns should be noted. To detect these patterns, we would need to detect the differences in developmental distributions in a large-scale populationbased sample. Therefore, there were two purposes to this study: 1) to describe the distribution of responses in a large population-based survey and identify cutoff points for the parent concern checklist (PCC) suitable for the Chinese language and culture and 2) to investigate how many children identified as different at 18 mo had evidence of problems at 6 mo, using a large sample.
METHODS
This study used the dataset from the Taiwan Birth Cohort study (TBCS). The TBCS is a large-scale national study on child development. Out of all infants born in 2005, 24,200 were selected using two-stage stratified random sampling. At the first stage of sampling, 85 cities and towns were systematically randomly selected out of the 369 cities and towns in Taiwan. At the second stage, proportional probability to the rate of birth (separated into 12 levels) was used to select newborns from the birth registers of these 85 cities. At 6 mo, 21,248 newborns and families (87.8%) were visited by trained researchers, and the collection of both demographic and developmental information was completed. At 18 mo, these researchers revisited these families again, and 20,172 (94.94%) agreed to participate in the follow-up. The study protocol was approved by the institutional review board of a teaching hospital in Taiwan, and informed consent was obtained from all participants at both stages of the study.
At 6 mo, parents were asked to fill out the TBCS instrument for 6-mo development, and at 18 mo, parents had to fill out the TBCS for 18 mo and an additional PCC instrument. Both the PCC and TBCS are broadband screening instruments; however, the PCC is a problem-oriented instrument inquiring into parental concerns about their children's development, and the TBCS measures the overall development of children. Both instruments were used in this study to investigate the developmental distribution of children.
The PCC includes eight items with yes-no responses. Items from PEDS (20) were used as a reference for this checklist in combination with the structure of the TBCS developmental instrument (21) . Different from the PEDS, there is no algorithm in the PCC; the scoring of the PCC only requires the addition of all the items. In line with the structure of the TBCS developmental instrument, the eight items can be separated into four dimensions of gross motor (1 item), fine motor (1 item), and language (2 items), and four items measuring social communication development. Higher total scores meant parents expressed more concerns, thus worse development.
There are 26 items in the TBCS 6-mo scale, and 17 in the 18-mo scale measuring the children's daily performance based on parental observations. The items were answered using a three-point Likert scale. Higher scores meant better development. The TBCS has shown good reliability and validity in Taiwan (21).
Statistical analysis. The demographic distribution of the infants and parents was analyzed using descriptive analysis. The internal consistency of the PCC was tested using the Spearman correlation. SPSS 15.0 for Windows (Chicago, IL) was used for the earlier analysis. The developmental distribution of the PCC was analyzed using the Newton-Raphson iteration on the computer program MIX (22) , which decomposes the distribution of the dataset under the estimated and defined parameters of components. In addition, Newton-Raphson was also used to find the two best cutoff points for the PCC. ANOVA was used to investigate the differences between the groups using the cutoff points found using the Newton-Raphson iteration. Finally, the concurrent validity of the TBCS and PCC at 18 mo was analyzed using structural equation modeling (SEM) analysis in the AMOS 7.0 statistical software package (SPSS). SEM was also used to test whether 6-mo TBCS results can predict 18-mo PCC results. Alternative hypothesized null models were analyzed and modified to reach the final model with the best fit. SEM results are presented in terms of 2 , p value, goodness-of-fit index, and adjusted goodness-of-fit index (AGFI). The significance of 2 is judged by the p value: a greater p value implies that the model has a better fit. AGFI indicates the variance of the model: when AGFI is Ͼ0.9, the model exhibits a good fit; therefore, a model with a p value Ͼ0.5 and AGFI Ͼ0.9 implies that the null model approximates the real structure.
RESULTS
The demographics of the infants and their parents are shown in Table 1 . Of the 21,248 children, about half were male (52.5%). The mean age of the fathers was 32.5 Ϯ 5.5 y and the mothers, 28.9 Ϯ 4.9 y.
Correlation coefficients of gross motor, fine motor, language, and behavior were between 0.26 and 0.61, all statistically significant. A previous study has shown that the ideal correlation between different dimensions is between 0.30 and 0.75 (21) . A correlation Ͼ0.30 demonstrates that the dimensions are in synch with each other; however, a correlation Ͼ0.70 shows that the dimensions have bad discriminative validity. Thus, the PCC shows good synchronization and still maintains its discriminative ability.
The distribution of the PCC as shown on the NewtonRaphson iteration for these 21,248 children at 18 mo is shown in Table 2 . The Newton-Raphson iteration shows that the PCC should be separated into three groups, those scoring 1-2 in the first group, 3-6 in the second group, and 7-8 in the third group, thus, yielding the two cutoff points of 3/4 and 6/7.
The differences in the TBCS developmental results of these three groups were compared using ANOVA. There were 17,492 infants in the first group, 2,420 in the second, and 256 in the third group. There were statistically significant differences between all groups in the TBCS developmental dimensions, with effect sizes ranging from 0.13 to 1.18, as shown in Table 3 . At 6 mo, the effect sizes were inconsistent among the four dimensions, and there was a large effect size (1.18) in the dimension of fine motor. At 18 mo, the effect size of the four dimensions was synchronistic (around 0.6).
Using the PCC cutoff points for analysis, with the means of mixture analysis, the prevalence of developmental delays (DD) at 18 mo was 13.4% (12.2% mild DD and 1.2% moderate DD), as shown in Figure 1 . There were significant differences in the PCC measure using the TBCS developmental instruments at 6 and 18 mo (Table 3) . Especially, the PCC seemed also to have good discriminative ability in the four dimensions of gross motor, fine motor, language, and social development at 6 mo and to suggest a probable screening method before 18 mo.
SEM analysis was used to test the concurrent validity of the TBCS and PCC results at 18 mo. In addition, the sample was separated based on the three groups suggested by the NewtonRaphson analysis: the first group with the lowest scores on the PCC was composed of those presumed to be normal (with the least number of concerns). Results showed that 6-mo TBCS was predictive of 18-mo results; in addition, 18-mo TBCS and PCC showed good concurrent validity with each other in both the second group and the third group, as shown in Figure 2 . The concurrent validity between the TBCS at 18 mo and the PCC in groups 2 and 3 resulted in a p value of 0.787 and AGFI of 1.000, as shown in Figure 2 . All four dimensions of the TBCS (gross motor, fine motor, language, and social) were concurrent with the group 2 PCC results (gross motor: ␤ ϭ Ϫ0.05, p Ͻ 0.001; fine motor: ␤ ϭ Ϫ0.03, p Ͻ 0.001; language: ␤ ϭ Ϫ0.08, p Ͻ 0.001; social: ␤ ϭ Ϫ0.05, p Ͻ 0.001). Along the same line, the concurrent validity between the TBCS at 18 mo and the PCC in group 3 also showed that all four dimensions of the TBCS were concurrent with the PCC results (gross motor: ␤ ϭ Ϫ0.07, p Ͻ 0.001; fine motor: ␤ ϭ Ϫ.03, p Ͻ 0.001; language: ␤ ϭ Ϫ0.03, p Ͻ 0.001; social: ␤ ϭ Ϫ0.02, p Ͻ 0.001).
The predictive validity of the TBCS 6-mo results for the PCC 18-mo results showed a good fit, with a p value of 0.637 and AGFI of 1.000 for groups 2 and 3, as shown in Figure 3 . TBCS results at 6 mo were predictive of parental concern for gross motor, fine motor, and language development at 18 mo in the second group (gross motor: ␤ ϭ Ϫ0.02, p ϭ 0.005; fine motor: ␤ ϭ Ϫ0.01, p ϭ 0.027; language: ␤ ϭ Ϫ0.03, p ϭ 0.001) and gross and fine motor development in the third group (gross motor: ␤ ϭ Ϫ0.02, p ϭ 0.001; fine motor: ␤ ϭ Ϫ0.03, p Ͻ 0.001).
DISCUSSION
Our results showed that the PCC had good internal consistency and discriminative ability in the four dimensions of gross motor, fine motor, language, and social development. In addition, it had good concurrent validity with the TBCS developmental instrument at 18 mo. For using two-stage window screening, the two cutoff points of 2/3 and 6/7 were found. The results from the posthoc comparisons indicated that the three groups showed statistically significantly different developmental distributions.
The TBCS 6-mo results were predictive of PCC 18-mo results in gross motor and fine motor development in the second group and gross motor, fine motor, and language development in the third group. Social development was not predicted in either the second or the third group. However, it has been shown that social development is a vital factor in distinguishing ASD from other DD (23) . Specifically, a previous study found that children with ASD can be distinguished from other children with DD in their ability to respond to names, followed by pointing, face "reading" and functional play (24) . But at 6 mo, children have greater development in the motor dimensions. Another study found that 6-mo motor development was predictive of the overall development of children at 18 mo (21). This may explain why at 6 mo, TBCS results could not predict 18-mo PCC results. The instability of the development of children before 1 y of age can also explain why the stability of ASD diagnosis is better at 2 y of age (25) . On the other hand, the effect size (Ͻ0.3) showed a similar finding of a lack of discriminating validity in the gross motor, language, and social dimensions. In addition, the effect size of fine motor (Ͼ1.0) may be considered for further study.
Of interest, the TBCS language dimension at 6 mo was predictive of 18-mo PCC results in the second group, but not in the third. Language, especially communication, is another diagnostic criterion for ASD. A previous study found that 6-mo gross motor ϫ 6-mo fine motor ϭ 0.43; 6-mo gross motor ϫ 6-mo language ϭ 0.41; 6-mo gross motor ϫ 6-mo social ϭ 0.34; 6-mo fine motor ϫ 6-mo language ϭ 0.47; 6-mo fine motor ϫ 6-mo social ϭ 0.41; 6-mo language ϫ 6-mo social ϭ 0.56; 18-mo gross motor ϫ 18-mo fine motor ϭ 0.38; 18-mo gross motor ϫ 18-mo language ϭ 0.22; 18-mo gross motor ϫ 18-mo social ϭ 0.36; 18-mo fine motor ϫ 18-mo language ϭ 0.25; 18-mo fine motor ϫ 18-mo social ϭ 0.36; 18-mo language ϫ 18-mo social ϭ 0.41. 2 ϭ 1.701; df ϭ 3; p ϭ 0.637; AGFI ϭ 1.000. r value: PCC 7,8 ϫ PCC 3-6 ϭ Ϫ0.04; 6-mo gross motor ϫ 6-mo fine motor ϭ 0.43; 6-mo gross motor ϫ 6-mo language ϭ 0.41; 6-mo gross motor ϫ 6-mo social ϭ 0.34; 6-mo fine motor ϫ 6-mo language ϭ 0.47; 6-mo fine motor ϫ 6-mo social ϭ 0.41; 6-mo language ϫ 6-mo social ϭ 0.56. TBCS results at 6 mo were predictive of parental concern for gross motor, fine motor, and language development at 18 mo in the second group (PCC 3-6): gross motor: ␤ ϭ Ϫ0.02, p ϭ 0.005; fine motor: ␤ ϭ Ϫ0.02, p ϭ 0.027; language: ␤ ϭ Ϫ0.03, p ϭ 0.001. Gross and fine motor development in the third group (PCC 7,8): gross motor: ␤ ϭ Ϫ0.02, p ϭ 0.001; fine motor: ␤ ϭ Ϫ0.03, p Ͻ 0.001.
ASD children had greater impairment in receptive language and functional communication than those with language impairment (26) . In addition, another study found that ASD children performed globally younger than other DDs (23); therefore, it may be possible that the differences distinguishing those in the second and third groups are the ASD and other DDs.
Although we are unsure of the cause of the differences among these three groups, we are sure that these groups do perform statistically significantly different in all dimensions of their development at 6 and 18 mo. Thus, the PCC can be used as the first-stage screening instrument in a two-stage window screening procedure. The American Academy of Pediatrics has proposed that developmental surveillance using developmental screening tools be incorporated into every well-child's visit (15) . Herein, we propose an algorithm, which incorporates the use of two-stage window screening (17) . Because the PCC has only eight items, it can easily be administered to parents in clinics or during home visits and be administered by professional or nonprofessional health workers. Parents can be given the PCC in the waiting rooms or asked by the pediatricians or nurses at every visit. The scoring of the PCC only requires the counting of the number of items that the parents are concerned, thus the person administering the screening can immediately judge, which developmental group the child falls into. As shown in Figure 4 , once the person administering the screening calculates the score and decides, which group the child falls into, he/she will know if the child needs further testing. Those in the borderline group (group 2) should be administered another more specific screening instrument (such as the M-CHAT) to decide if they need a more invasive test; those in the third group are already at high risk, and so should directly receive a more invasive and detailed diagnostic assessment, such as the ADI-R (18) or the autism diagnostic observation schedule (ADOS) (3). The ADI-R and ADOS are both semistructured diagnostic assessments, which require intensive training on the part of the administrator; administration time generally requires 40 min for the ADOS and 2-3 h for the ADI-R (3, 18) . In the traditional method of two-stage screening, all those scoring higher than the cutoff point need to be tested at the second stage, using a more invasive and expensive assessment (in this case, the ADOS or ADI-R) (6) . However, using two-stage window screening, fewer people need to be assessed in the second stage, which decreases the cost of testing (17) and the number of false positives.
Frankenburg (27) proposed that a developmental screening tool include the four criteria of a precise developmental norm, predictive validity, identification of children at risk, and validity. The PCC fulfills all four of these criteria. Our developmental norm has been developed in a large national randomized sample, with the two cutoff points of 3/4 and 6/7 identifying those at borderline and high risk, and finally, it has predictive validity with 6-mo TBCS results and concurrent validity with 18-mo TBCS results.
A limitation of this study is that we did not know the differences between these three groups of children, what factors contributed to their differences, or whether they were children with different diagnoses. However, the results of our study are from the follow-up of a large randomized national sample. Therefore, there are no recalled biases in the reporting of earlier development. Furthermore, to find out whether the PCC can be used as a valid screening tool for ASD, a case-cohort study design or nested case-control study for this purpose will need to be implemented (28) . This National Birth Cohort Study, that as designing is requirement for the understanding the prevalence of psychiatric disorder and comorbidity, and further identifying the developmental psychopathology in the future. 
